T he u.s. Bureau of Labor Statistics (1998) reported that 16.8% of the full time workers (or 15.2 million people) are on evening, night, rotating, split, or employer arranged irregular schedules. A negative outcome of these work schedules is the potential for increased health problems. NIOSH's research agenda identified organization of work as a priority and specifically stated a need for research related to strategies to "assure productivity and prevent the adverse effects of night or extended shifts on injury rates or sleep disorders" (USDHHS, 1996) .
Previous studies have linked shift work to gastrointestinal problems, cardiovascular disease, nonspecific psychosomatic symptoms, and sleep problems in 20% to 50% of all shift workers (Koller, 1983; Smith, 1982; Thiis-Evensen, 1958) . Although no findings have been conclusive, several researchers theorize that some, if not all, of these problems may be due to the disruption of the sleep/activity cycle. Shift work, particularly night shift, forces people to be awake and active at night when they normally would be sleeping. It necessitates sleep during daylight hours when they normally would be awake and active. Circadian rhythm theory provides an explanation for why reversal of the sleep/activity cycle can lead to health problems and possible strategies to promote adjustment.
Normally, external cues occurring on a 24 hour basis such as the light/dark cycle entrain or synchronize circadian pacemakers in the brain to the cues' cycle. The circadian pacemakers in turn entrain numerous subordinate circadian biological rhythms. Shift work causes drastic changes in this system. To correct the disruption of the circadian rhythms, researchers have tested the effects of manipulating the timing and intensity of artificial and natural light/dark exposures. This column reviews a summary report of studies related to light treatment for sleep disorders due to shift work. (1982) . Health and safety consequences of shift work in the food processing industry. Ergonomics. 25, 133-144. Thiis-Evensen, E. (1958) . Shift work and health. Industrial Medicine and Surgery. 27,493-497. USDHHS (1996) . National Occupational Research Agenda (NORA) (pp. 32-33 
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LIGHTTREATMENT FOR SLEEP DISORDERS (EASTMAN, 1995)
Synopsis
This paper reviewed 46 studies that examined light treatment for shift work. The majority of the studies were carefully controlled laboratory or field experiments. Most studies used simulated night shifts. A smaller number of studies have begun to test complex bright light protocols for simulated rotating shifts. The authors commented that real shift workers are exposed to many competing external cues in their work and home environments that make implementation of the current experimental protocols difficult, if not impractical.
The studies used young, healthy volunteers. Middle age and older subjects, persons with various chron-436 AAOHN JOURNAL LINKING PRACTICE & RES EAR C H ic illnesses, and pregnant women have yet to be studied.
Bright light exposures ranged from 2,000 lux to 10,000 lux. As a reference, normal indoor light is about 500 lux and outdoor ambient light ranges from about 10,000 lux to > 100,000 lux depending on the cloud cover (Lewy, 1988) . Most studies carefully positioned banks of light boxes a set distance from the subject to administer the light treatment.
In many studies, researchers carefully timed bright light exposure either before the body temperature minimum or after. The body temperature minimum in humans on a regular night/sleep schedule usually occurs about 1 to 2 hours before normal wake up time (Dijk,1995) . Bright light exposure before the body temperature minimum will phase delay the circadian rhythms. A phase delay promotes later bed times and later wake up times. The sensitive period to light causing a phase delay normally extends from the evening hours before bedtime to the time of the body temperature minimum. Bright light exposure after the body temperature minimum will normally phase advance the circadian rhythms. A phase advance promotes earlier bed times and earlier wake up times. The sensitive period to light causing a phase advance normally extends from the body temperature minimum to the first few hours in the morning after awakening. Bright light exposure during the middle of the day has little effect.
In addition to carefully controlled timing of light exposure for night shift, several studies also avoided early morning light. Light at this time would cause a phase advance and go against the desired pattern. Bedroom windows were covered with opaque material and taped to prevent any transmittance of SEPTEMBER 1999. VOL. 47, NO.9 ambient light. Subjects also wore dark welder's goggles on the way home from work in the morning to reduce light exposure at this time.
In most studies, carefully timed bright light exposure and light avoidance resulted in a phase shift of about 2 to 3 hours per day. Over several days of carefully timed and controlled light treatments, the circadian rhythms shifted appropriately to promote quality sleep during the day, less fatigue, and better mood.
Some study protocols used bright light exposure only for the first few days after the phase shift and afterward used normal room light. The success of these protocols may indicate that continued bright light exposure may not be needed as long as the new sleep/wake schedule is maintained and bright ambient light at the wrong times is avoided.
Special environmental conditions in the higher altitudes have promoted better adjustment to phase shifts. The winter months have short days of sunlight and the summer months have sunlight across most of the 24 hour day. Artificial manipulations of the light/dark cycle during these conditions have produced good results.
Studies combining other timing cues with bright light exposure, such as auditory signals to reinforce the light cues, showed stronger effects than studies using light alone. The sleep/wake cycle itself appeared to act as a timing cue. The researchers concluded that bright light exposure can be used to help shift workers adapt to their unusual work and sleep routines. However, the desired results were not produced in all studies, and puzzling results were obtained in other studies Many basic research questions remain to be answered. These include the following: • What are the optimal and minimal intensities and durations of light exposure necessary to produce a given phase shift? • How important is the avoidance of bright light and the attenuation of sunlight exposure with dark goggles?
• What type of treatment is needed when workers have to change shift? • Will the repeated phase shifting of the circadian rhythms be a worse health hazard than repeatedly working and sleeping at the "wrong" circadian phase ?
Critique
To date, researchers have conducted highly controlled studies. Direct applicability of the findings to real shift workers has some limitations. The conditions studied have not covered the wide range of factors that probably affect real shift workers. Important differences exist in individual ability to adjust the circadian rhythms and to tolerate disruption of circadian rhythms and differences in sleep needs. Although the scientific data and recommendations are not clearly applicable to a wide variety of shift workers, some basic findings may be helpful to many shift workers.
Nursing Implications
The consensus report recommended carefully timed bright light to promote adjustment of the circadian rhythms in some types of shift workers. The current scientific data most clearly apply to young, healthy permanent night shift workers, but could be extended to slow, rotating schedules with time on night shift during 1 week. The bright light exposures require careful timing to promote the desired effect. As a result, practical implementation of the bright light recommendations may be most feasible in young, healthy workers who can maintain a consistent sleep/wake schedule on work days and off days and are able to organize their home life and work life to carry out the recommendations. More study is needed before recommendations can be developed to help adjustment to irregular work schedules or rotating shifts.
Information for occupational health nurses to develop educational programs for workers and management includes the series of consensus report papers on light . A resource for more information about light treatments is the Society for Light Treatment and Biological Rhythms http://www.websciences. org/sltbr/). Basic content about circadian rhythms is available in current occupational medicine textbooks (Scott, 1994) . NIOSH published an educational pamphlet for shift workers entitled "Plain Language About Shiftwork" (Rosa, 1997) . The American Nurses Association also published a book for nurses who work shift work entitled "The Nurse's Shift Work Handbook" (Alward, 1999) .
Content areas for education programs include: • The effect of light on the circadian rhythms, • How shift work causes problems, • What problems occur, and • How carefully controIled timing of bright light exposure and darkness could promote adjustment of the circadian rhythms.
Shift workers should be informed about their risk for increased health problems, reduced performance, and more chance for errors and accidents. Workers also should be educated to be aware how they are feeling, sleeping, their fatigue levels, and presence of other related symptoms. Workers with symptoms should seek counseling. Workers who try light exposure should be assessed to determine if they are getting the light and dark exposures at the appropriate 438 times and if they are getting a desired effect. They also should be told not to expect instant results, as several days of light treatments are needed to phase shift their circadian rhythms.
Although data concerning other timing cues have not been studied as extensively as light, supplementing light cues with additional external timing cues such as social cues, exercise, and auditory signals is also helpful by acting together to reinforce the desired sleep/wake pattern. For days off, nurses can recommend maintaining the same sleep/wake schedule as used on work days, as drastic changes will probably disrupt the circadian system for several days. However, on days off, family and social activities may entice the worker to shift their sleep/wake cycle. Thus, maintaining a consistent pattern may be difficult for many workers.
Some specific recommendations could be given to most permanent night workers who wish to sleep soon after returning home from work in the morning. Bedroom windows can be covered with opaque material and the edges taped to prevent any transmittance of ambient light while sleeping during the day. During early morning travel home from night shift, exposure to morning sun light should be avoided if possible. Dark welders goggles have been used in the laboratory studies and might be worn if workers have someone else to drive them home. However, if workers must drive themselves home, care must be taken to not to reduce vision and create safety hazards. Dark sunglasses help somewhat.
Increased light exposure during the late evening until about 2:30 am promotes a phase delay which is a desired effect. Light intensity should probably drop down to normal indoor levels during the last few hours of the shift. Specific recom-mendations for light intensity and duration are difficult to provide because consensus has not been reached.
Workers can use special environmental conditions to their advantage to entrain their circadian rhythms to their night work schedule. Situations providing some advantage are higher latitude locations. In winter, it is important to recommend returning home from night shift in the dark before sun rise to avoid exposure to early morning sunlight. In summer, daylight is extended across the 24 hour period so workers can use a darkened bedroom or blindfolds to avoid light. Any night worker whose shift ends very early before sunrise could return home before sunrise.
Some workers on permanent day shift with very early morning start times may have trouble waking up early. They might also benefit from carefully scheduled bright light exposure and light avoidance. Early bright light exposure upon awakening promotes a phase advance. Bright light should be avoided for several hours in the evening before bedtime, as this causes a phase delay and goes against the desired pattern.
Evening workers with symptoms might benefit from carefully scheduled bright light exposures and light avoidance. Typical evening workers could avoid light in the early morning through their bedroom windows while they sleep. Light at this time tends to cause a phase advance and goes against the desired pattern. These workers might benefit from blackening their bedroom windows to avoid early morning light. If they work overtime until early morning hours, the nurse can recommend they try to return home before sunrise to avoid the stimulating effects of sunlight on the circadian system. is helpful, as it promotes a phase delay.
In summary, a large body of scientific work has examined the effect of light on the circadian rhythms. This work has important implications for 20% of the work force who are shift workers. Although many questions have yet to be answered, the current scientific findings support the use of carefully timed bright light exposure and darkness to help entrain the circadian rhythms in young, healthy workers on permanent night shift, permanent day workers with very early start times, permanent evening workers with symptoms of circadian disturbances, and workers on slow shift rotations that maintain the same shift for more than I week. More work is needed before clear recommendations are available for rotating shift workers. workers who change their timing of their sleep on days off and vacations, middle aged and older workers, and workers with chronic illnesses. AAOHN invites submission of applications for approval of continuing education activities that include occupational and environmental health nurses in the target audience, Approval of educational activities by AAOHN:
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